Abstract The yeast Kluyveromyces lactis has received attention both from academia and industry due to some important features, such as its capacity to grow in lactose-based media, its safe status, its suitability for large-scale cultivation and for heterologous protein synthesis. It has also been considered as a model organism for genomics and metabolic regulation. Despite this, very few studies were carried out hitherto under strictly controlled conditions, such as those found in a chemostat. Here we report a set of quantitative physiological data generated during chemostat cultivations with the K. lactis CBS 2359 strain, obtained under glucose-limiting and fully aerobic conditions. This dataset serve as a basis for the comparison of K. lactis with the model yeast Saccharomyces cerevisiae in terms of their elemental compositions, as well as for future metabolic flux analysis and metabolic modelling studies with K. lactis.
Introduction
The yeast Kluyveromyces lactis has long been considered a suitable microbe for industrial applications, mainly aiming at the production of heterologous proteins (Blondeau et al. 1993; Hensing et al. 1995; Walsh et al. 1998; van Ooyen et al. 2006; Rocha et al. 2011; Spohner et al. 2016) , which is mainly due to: i) its safe status (Bonekamp and Oosterom 1994) ; ii) its high capacity of converting sugars into biomass (Kiers et al. 1998) ; iii) its suitability for large-scale cultivation (Hensing et al. 1995) ; and iv) its capacity of growing on lactose-based media (Dickson et al. 1979; Dickson and Markin 1980; Dickson and Barr 1983) .
K. lactis may also be considered a model organism (Schaffrath and Breunig 2000) , which has been investigated by the scientific community to elucidate molecular mechanisms such as transcriptional regulation (Hoekstra et al. 1994; Becerra et al. 2004; Suleau et al. 2006) , the Crabtree effect (Breunig et al. 2000; González-Siso et al. 2000) , oxidative stress response (González-Siso et al. 2009 ) and even in cell aging studies (Oliveira et al. 2008; Roux et al. 2010) , among others. Furthermore, it has been included in evolutionary genomics studies of yeasts (Dujon et al. 2004; Souciet et al. 2009 ). Already some decades ago, the strain CBS 2359 was chosen as a model strain (Wésolowski-Louvel et al. 1996) , in order to facilitate comparison among results obtained in different laboratories, so as to increase the gaining of knowledge using this organism as a model. A dedicated conference series took place until 2005 (Clark-Walker 2006) and some years later, a whole issue (August, 2007) of the FEMS Yeast Research journal was dedicated to K. lactis (Fukuhara and Boekhout 2007) , covering varied molecular and physiological aspects of this species.
At the beginning of the 21st century, the whole Kluyveromyces taxon was redefined (Kurtzman 2003) . Some species that had been part of the original genus Kluyveromyces since its creation were transferred to new genera (e.g. Kluyveromyces polysporus), whereas others remained within the genus Kluyveromyces. Interestingly, although the species Kluyveromyces marxianus was proposed as the type species of the newly defined genus, K. lactis continues to receive more attention from scientists than its sister species (Fonseca et al. 2008; Lane and Morrissey 2010) . It was not until Kiers et al. (1998) performed detailed quantitative chemostat cultivations in controlled bioreactors that the Crabtree-negative aspect of this yeast was clarified. While it was demonstrated that oxygen limitation is the primary trigger for alcoholic fermentation (as long as the carbon and energy source is the sole growth-limiting substrate), it could also be established that the so-called short-term Crabtree effect (i.e. ethanol formation after exposure of respiring cells to a sudden glucose excess under fully aerobic conditions) also occurs in this species.
In spite of the frequent use of K. lactis in molecular studies, as mentioned above, there is a limited number of reports on the cultivation of this organism in controlled bioreactors using continuous culture. This type of experiment is required, when one aims at investigating microbial physiology in a quantitative manner. Here, we report a set of quantitative physiological data generated during chemostat cultivations with the K. lactis CBS 2359 strain, obtained under fully aerobic conditions. Our data basically confirm those reported previously by Kiers et al. (1998) , which is per se an important feature [Nature, editorial, August 24, (2016) ], but we also measured the elemental composition of the cellular biomass at different growth rates (=dilution rates). Besides this novelty, these data serve as a basis for the comparison of K. lactis with the model yeast Saccharomyces cerevisiae in terms of their elemental composition, as well as for future metabolic flux analysis and metabolic modelling studies with K. lactis (Dias et al. 2014 ).
Methods

Yeast strain and maintenance
The yeast strain K. lactis CBS 2359 (ATCC 8585/DSM 70799/NBRC 1267/NRRL Y-1140/ WM37) was obtained from the Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands, and used throughout this study. Stock cultures were prepared by growing cells in shake flasks containing 100 mL YP medium (1% yeast extract, 2% bacteriological peptone) with 20 g L -1 initial glucose. After overnight growth at 30°C and 200 rpm, 20% (final concentration, v/v) glycerol was added and 1 mL aliquots were stored at -80°C. Stock cultures were used to prepare pre-cultures for batch and chemostat cultivations in bioreactors.
Cultivation medium
The composition of the defined medium used during batch and chemostat cultivations in bioreactors was the one described by Verduyn et al. (1992) , with a single modification: nicotinic acid concentration was increased five times, as proposed by Kiers et al. (1998) 
Batch cultivations in a bioreactor
Precultures for batch bioreactor cultivations were grown overnight in an orbital shaker at 30°C and 200 rpm in 500 mL shake flasks containing 100 mL of the defined medium with 20 g L -1 initial glucose. Batch cultivations were conducted in a BioFlo III (New Brunswick Scientific) bioreactor, with 4 L working volume. The same defined medium was used, with 20 g L -1 initial glucose as the sole carbon and energy source. The medium was supplemented with 0.2 g L -1 antifoam Emulsion C (Sigma, St. Louis, MO), pH was controlled at 5.0 by automatic addition of 2 M KOH, and the temperature was kept constant at 30°C. Dissolved oxygen concentration was kept above 60% initial saturation with air by manually adjusting the agitation rate between 700 and 850 rpm, and by keeping the airflow into the reactor at 4 L min -1
. Samples were taken periodically and analysed for the concentration of biomass (indirectly via absorbance measurements) and of metabolites (via HPLC), as well as for pH.
Chemostat cultivations in a bioreactor
Precultures for chemostat cultivations were grown overnight in an orbital shaker at 30°C and 200 rpm in 500 mL shake flasks containing 100 mL of the defined medium with 10 g L -1 initial glucose. Cultivations were conducted in a BioFlo III bioreactor (New Brunswick Scientific), as described elsewhere (Basso et al. 2014) . The feeding vessel contained the same defined medium with 10 g L -1 glucose as the sole carbon and energy source. The medium was also supplemented with 0.2 g L -1 antifoam Emulsion C (Sigma, St. Louis, MO). Cultivations were carried out under the following conditions: working volume of 1 L, pH controlled at 5.0 by automatic addition of 2 M KOH, and constant temperature of 30°C. Agitation was manually kept between 700 and 925 rpm, and the air flow into the reactor was in the range of 0.5 to 1 L min -1 ; these conditions kept the dissolved O 2 concentration always above 60% of air saturation (full aerobiosis), as indicated by a dissolved oxygen electrode. Chemostat cultivations were preceded by a batch growth phase, carried out under the same conditions as those described above. The switch from batch to continuous cultivation mode was made when a sharp drop in the off gas CO 2 signal was observed, indicating carbon source exhaustion. The cultures were assumed to be in steady state when, after at least five volume changes without altering the cultivation conditions, the culture dry mass and the specific CO 2 production rate varied less than 2% over two additional volume changes. Steady state situations were achieved for four different dilution rates (D) in each experiment: 0.1, 0.2, 0.3, and 0.4 h -1 . Continuous cultures were performed in duplicate. The exhaust gas from the bioreactor was cooled in a condenser (2°C) to minimize ethanol evaporation and subsequently dried in silica-filled flasks, before being conveyed into the offgas analyser (Applikon Biotechnology, Schiedam), which detected the molar fractions of O 2 and CO 2 . Samples were taken in the different steady states for the analysis of biomass concentration (in terms of the culture dry mass), metabolite concentration (via HPLC), pH, and elemental composition of biomass.
Determination of biomass concentration and concentrations of extracellular metabolites Culture supernatants were obtained by centrifugation and used for determining the concentrations of sugars (glucose), organic acids, ethanol, and glycerol. In the case of residual sugar concentration analysis, rapid sampling from the bioreactor with cold steel beads was employed, as described by Mashego et al. (2003) . The compounds were separated by HPLC using an HPX-87H ion-exchange column (Bio-Rad) at 60°C, with 5 mM H 2 SO 4 as the mobile phase, at a flow rate of 0.6 L min -1 . Glucose, ethanol, acetate, glycerol, succinate, and lactate were detected using a Waters 2414 refractive index detector; pyruvate was detected using a Waters 2487 UV detector at 214 nm.
During batch cultivations, biomass concentration was indirectly assessed using absorbance measurements performed on culture samples, using a Genesys 20 (Thermo Scientific) spectrophotometer, at 600 nm.
During chemostat cultivations, the dry mass of the biomass was determined gravimetrically, in duplicate, by filtering a 5 mL culture sample through a 0.45 lm filter membrane. The filter was subsequently washed with distilled water, dried in a microwave oven and weighed (Olsson and Nielsen 1997) .
Elemental composition of cell biomass
Culture samples were first collected in an ice bath from the bioreactor outlet, centrifuged and lyophilized. The carbon, nitrogen and hydrogen contents were determined using an Elemental Analyzer 2400 CHN (Perkin Elmer). Briefly, the sample was first weighed using a six decimal digit balance and then introduced into the equipment, where combustion occurs in the presence of pure oxygen. In this way, all carbon in the sample is converted to CO 2 , hydrogen to H 2 O and nitrogen into various oxides (N X O X ). The latter are forced into a column where reduction into N 2 occurs with Cu 0 . The CO 2 , H 2 O and N 2 gases are dragged by He gas and separated in a chromatographic column and detected via a thermal conductivity detector (TCD).
The sulphur and phosphorous contents in dried biomass samples were analyzed in the Spectro Arcos SOP (Spectro) equipment. Briefly, the sample was digested in a fully closed Schoniger flask, in which all sulphur is converted into SO 4 and all phosphorous into PO 4 . Subsequently, these gases were absorbed in water and diluted in volumetric flasks. The technique employed in the quantification was Inductively coupled plasma atomic emission spectroscopy (ICP-AES).
For the ash content determination, the lyophilized biomass samples were first fully dried in an oven at 75°C for 4 h using pre-dried ashing crucibles, weighed and subsequently treated by the procedure described by Sluiter et al. (2005) . Briefly, the fully dried samples (in the crucibles) were treated in a Quimis 318D Muffle furnace (Quimis, Brazil) using the following temperature profile: 105°C for 12 min, 250°C for 30 min and 575°C for 180 min. After that, samples were cooled to room temperature in a desiccator and weighted for ash determination.
Data consistency analysis
Steady-state specific rates were analysed for data consistency using the software MACROBAL 2.02, obtained from the Delft University of Technology (Hellinga and Romein 1992) . In order to calculate the estimated conversion rates, elemental composition of cell biomass for each dilution rate was provided to the software, as well as the experimental specific rates for biomass and carbon dioxide production, and for oxygen and glucose consumption.
Results
Batch bioreactor cultivations
A batch cultivation was carried out in duplicate, using a bioreactor with a 4 L working volume, as described in the ''Methods'' section. The initial glucose concentration was 20 g L -1 . The cultivations were interrupted when the glucose concentration was around 12 g L -1 (around 11 h cultivation time), before any oxygen or another nutrient limitation eventually set in. Kiers et al. (1998) performed similar experiments, except for the fact that the initial glucose concentration was 10 g L -1 in their experiments, which already required blending of air with pure oxygen during the final hour of the experiment, to avoid the dissolved oxygen concentration to drop below 40% of initial saturation with air.
A clear exponential growth phase was observed in both cultivations. Since samples were taken every hour, a maximum specific growth rate of 0.45 ± 0.01 h -1 (deviation of the mean) could be calculated, using nine datapoints in each cultivation (results not shown). This value is very close to the 0.48 h -1 value reported by Kiers et al. (1998) for the same strain and growth conditions, and also to the 0.465 h -1 value reported by Inchaurrondo et al. (1998) for a different strain (NRRL Y-1118) and a slightly different defined medium. In order to keep the dissolved oxygen concentration above 60% of initial saturation with air along the entire cultivation, the agitation speed needed to be manually increased from the initial 700 rpm value, up to 850 rpm, during the final period (from 9 to 11 h) of the batch cultivations. No ethanol formation was observed during these cultivations, however, glycerol accumulation occurred to levels up to 0.2 g L -1 . Inchaurrondo et al. (1998) did not report on metabolite formation during batch cultures in their work, whereas Kiers et al. (1998) reported that ethanol concentrations remained below detection limit during the entire batch cultivation with K. lactis CBS 2359.
Chemostat cultivations
We performed two parallel bioreactor cultivations with the K. lactis CBS 2359 strain, using the same defined medium described by Verduyn et al. (1992) . This medium was originally designed for S. cerevisiae, and later adapted by Kiers et al. (1998) to the growth of K. lactis, which required an increase in the nicotinic acid concentration from 1 to 5 mg L -1 . Both cultivations were initiated with a batch phase, followed by a continuous phase, in which the dilution rate was stepwise increased from 0.1 to 0.2 h -1 , 0.3 h -1 , and finally to 0.4 h -1 . For each dilution rate value, steady state was allowed to be achieved, before measurements were made to verify this condition, and samples were taken. For the different steady states achieved, the main physiological parameters were calculated (Table 1) .
According to the data presented in Table 1 , it was verified that metabolism was respiratory at dilution rates ranging from 0.1 to 0.4 h -1 . The only metabolite detected in the growth medium was glycerol (0.16 g glycerol L -1 ) in one of the chemostats, which was running slightly above the desired dilution rate of 0.4 h -1 (0.44 h -1 ). In this condition, a high residual glucose concentration (3.386 g glucose L -1 ) was also observed, indicating that the dilution rate was close to the maximal specific growth rate or that another nutrient other than glucose became growth-limiting at 0.44 h -1 , as pointed out by Kiers et al. (1998) . While glycerol production in S. cerevisiae has been well established and is related with either increased resistance to osmotic stress in environments with low water activity or cofactor balance under oxygen limitation (Nevoigt and Stahl 1997) , its excretion in K. lactis has been less studied. In aerobic conditions the glycerol-3-phosphate shuttle has been proven to be active for cytoplasmic cofactor balance, also in K. lactis (Saliola et al. 2008) . Although it has not been reported, the insufficient activity of the associated KlGUT2 gene at specific growth rates close to the maximum could be speculated.
Overall, the physiological parameters obtained in this study were comparable to those observed by Kiers et al. (1998) in their former study with this same strain. Biomass yield on glucose varied from 0.47 to 0.52 g DM g glucose -1 at all dilution rates evaluated, which was similar to the values reported by other authors for K. lactis CBS 2359 (Kiers et al. 1998; Overkamp et al. 2002) . The only exception was observed at a dilution rate of 0.4 h -1 , in which biomass yield was 0.48 and 0.46 g DM g glucose -1 in each culture, whereas Kiers et al. 1998 reported a biomass yield of 0.49 ± 0.01 g DM g glucose -1 at this dilution rate. This parameter increased slightly when the dilution rate was increased Carbon recovery ) was calculated from the biomass composition and the ash content in each steady-state (Table 2) Antonie van Leeuwenhoek (2018) 111:183-195 187 from 0.1 to 0.2 h -1 in view of the higher contribution of maintenance energy requirements at lower growth rates (Pirt 1965) . Another indication for fully respiratory metabolism was the value close to 1 of the respiratory quotient (RQ) obtained at all dilution rates (Table 1) . Carbon balance also corroborated a purely oxidative metabolism. Both agitation and air flow into the reactor were adjusted manually along the cultivations, since our aim was to keep the cultures under fully aerobic conditions, avoiding oxygen limitation (an automatic control system was not available in our laboratory). Although the agitation and aeration adjustments were not identical in the duplicate experiments, this should not interfere with the microorganism's physiology, due to the fully aerobic condition. This can be proven by the fact that the results obtained in our study corroborate data from a previous study carried out in a completely different laboratory, using a different bioreactor, with different agitation and aeration schemes (Kiers et al. 1998) .
It is worth mentioning that the physiological parameters calculated at steady state were also similar to those reported by Inchaurrondo et al. (1998) at a dilution rate of 0.1 h -1 , with a different strain (NRRL y-1118) and a slightly different defined medium. Specific rates of glucose consumption were 1.11 ± 0.009 mmol g DM -1 h -1 in the present study and 1.26 mmol g DM -1 h -1 in the referred work. The biomass yield on glucose was slightly higher in the present study (0.493 ± 0.007 g g DM -1 ) when compared to the results reported by the other authors (0.44 g g DW -1 ). Conversely, specific rates of carbon dioxide production (4.1 mmol g DM -1 h -1 ) and oxygen consumption (4.05 mmol g DM -1 h -1 ) were both higher in the reference study when compared to our values (2.89 ± 0.28 and 2.90 ± 0.36 mmol g DM -1 h -1 , respectively). Data consistency of the measured rates of glucose and O 2 consumption, cell growth, and CO 2 production, together with the elemental composition of K. lactis CBS 2359 cell biomass at all dilution rates evaluated, was checked with the software MACROBAL (Hellinga and Romein 1992). According to the software and its statistical hypothesis testing procedure, there was no evidence of gross errors in the experimental dataset. The measured rates and the estimated values calculated with the software MACROBAL are shown in Fig. 1 . Experimental data values were within the standard deviation of the estimated data, except for CO 2 and biomass at the highest dilution rate (0.4 h -1 ). This observation might be explained by the fact that no glycerol production is estimated by the model. In the experiment, as part of the substrate is diverted into glycerol, this leads to diminished rates of both biomass and CO 2 production when compared with zero glycerol production.
The elemental composition of biomass during the different steady states achieved during the continuous phase of the cultivations were also determined (Table 2 ). Chemical analysis of K. lactis CBS 2359 biomass were conducted with cells collected during steady state from carbon-limited chemostat cultures ranging from 0.1 to 0.4 h -1 specific growth rates. The elemental composition of the ash-free yeast biomass displayed some variability among the four dilution rates tested (Table 2) . Overall, the elemental composition found in this work for the ash-free biomass of K. lactis was to some extent different from that published for S. cerevisiae CEN.PK113-7D (Lange and Heijnen 2001) , Dekkera bruxellensis GDB 248 (Leite et al. 2012) and other yeasts as shown in the previously mentioned table. Likewise, the data show a decreasing trend in the carbon to nitrogen ratio, when the dilution rate increases.
We have also calculated the degree of reduction of yeast cell biomass (Heijnen 1981) in K. lactis and in other yeasts reported in the literature. Apparently, the values obtained did not correlate with either the specific growth rate or the yeast species (Table 2) . Moreover, oxygen (O) values reported by other authors who did not measure sulphur (S) or phosphorus (P) are overestimated (Cooney et al. 1996; Carnicer et al. 2009 ), resulting in lower values for the degree of reduction of biomass. These observations highlight the importance of precisely measuring sulphur, phosphorus and ash content in biomass, when a correct estimation of this parameter in cell biomass is to be obtained.
Finally, based on the values estimated with the software MACROBAL and using the biomass compositions given in Table 2 , the aerobic growth of K lactis CBS 2359 on glucose at a specific growth rate of 0.1 h -1 could be described by a stoichiometric equation (Eq. 1), and it was compared to the equivalent equation for S. cerevisiae CEN.PK113-7D (Eq. 2) grown under similar conditions (Leite et al. 2012 
Discussion
The batch cultivation performed in duplicate in the present work, using the same strain and cultivation medium previously employed by Kiers et al. (1998) yielded very similar growth parameters, mainly the specific growth rate and extracellular metabolite formation, when compared to the latter work. This observation served as a validation for our experimental setup, which we considered necessary to perform, before starting the chemostat experiments. Although the same strain and cultivation medium were employed in both works, the chemicals were purchased from different suppliers, the bioreactors, the experimenters and the inoculation strategy were different, which could have led to different results. Once this validation was made, the chemostat experiments were designed and performed. Data on the growth of K. lactis using a combination of chemostat cultivation and completely defined media are scarce in the literature. This type of approach is essential for understanding the nutritional requirements of K. lactis at different growth rates and also to elucidate the dependency of key biological processes on the growth rate. Kiers et al. (1998) demonstrated that the defined medium previously developed by Verduyn et al. (1992) CBS 2359, as long as the nicotinic acid concentration was increased from 1 to 5 mg L -1 . This increase was necessary to keep the fully respiratory metabolism of K. lactis operating at growth rates as high as 0.4 h -1 . This special requirement for nicotinic acid is corroborated by the work of Inchaurrondo et al. (1998) , who cultivated K. lactis NRRL y-1118 (a strain that has a stronger glucose repression phenotype than the NRRL y-1140 = CBS 2359 strain) in chemostat mode under fully aerobic conditions, on a synthetic medium with 12 mg L -1 nicotinic acid, observing fully respiratory metabolism up to 0.5 h -1 . The cause for this phenomenon was assigned to the absence of a de novo biosynthetic pathway for NAD in K. lactis (Li and Bao 2007) .
The fact that the nutritional requirement for nicotinic acid of chemostat growing K. lactis CBS 2359 cells is different at varying dilution rates, indicates that the biomass composition of K. lactis CBS 2359 is not the same at different dilution rates (Kiers et al. 1998) . Although this was already pointed out in the latter work, the biomass composition was not studied. Inchaurrondo et al. (1998) measured the macromolecular composition of biomass during chemostat cultivations of K. lactis NRRL y-1118, in terms of total carbohydrate and protein content. They observed that protein content did not change (49%; relative to dried biomass) when increasing dilution rate from 0.1 to 0.25 h -1 in aerobic glucose-limited cultures, whereas total carbohydrate in biomass decreased from 30 to 29% after this shift.
The elemental composition of biomass is essential for performing carbon balances, and for metabolic flux analysis or metabolic modelling studies, for which a ''molecular formula'' for the biomass is required (Lange and Heijnen 2001) . The elemental composition of a given microorganism is dependent on the strain and the growth conditions. While N content is highly influenced by growth conditions, S and P might lead to inaccurate O determinations if they are not determined experimentally. This, in turn, might result in variations regarding the mass of 1 C-mol biomass for a particular strain and a given condition (Duboc et al. 1995) . The work performed by Duboc et al. (1995) , one of the first studies to raise awareness over accurate determination of biomass elemental composition, described Kluyveromyces fragilis (K. marxianus) sampled from a continuous culture in a semi-defined medium, as indicated in Table 2 . According to these authors, Degree of reduction of biomass was calculated from the elemental composition of biomass, according to (Heijnen 1981) Antonie van Leeuwenhoek (2018) 111:183-195 191 while C and H contents varied only slightly from one microorganism to another, ash, N, P, and S mass fractions varied considerably. This is reflected by the variability present in the macromolecule content, such as protein, carbohydrates and RNA. Soon after, it was shown that mass fractions of N, P, and ash in K. fragilis increased almost linearly, eventually reaching a plateau, with the dilution rate in carbon-limited chemostats (Cooney et al. 1996) . Under glucose-limited cultures, Cooney et al. (1996) showed that the N content increased with dilution rate from 6.7 to 8.4%, probably as a result of increased protein synthesis. These results are in close agreement to our data for K. lactis (Table 2) . A similar behaviour was observed for the ash content, while the C and H contents remained virtually unchanged with increasing dilution rates. Overall, these authors concluded that the use of an average elemental composition for different growth conditions may lead to incorrect metabolic modeling calculations.
When comparing our results to those obtained with other yeast genera, elemental biomass composition of S. cerevisiae under glucose-limited chemostat cultures, reported by Lange and Heijnen (2001) , resulted in similar trends as observed in the present investigation, using K. lactis (Table 2) . N content increased from 6.1 to 8.6% when dilution rate was increased from 0.02 to 0.21 h -1 . In accordance to our results, H content did not exhibit a clear trend and values remained around 6.5%. The only difference observed was related to the C content, that increased from 42 to 44% when the dilution rate was increased from 0.02 to 0.21 h -1 , while in our study, it remained steady at 40% as dilution rate increased from 0.1 to 0.4 h -1 . In addition to that, the average degree of reduction of biomass in S. cerevisiae (4.16 ± 0.05) was very close to K. lactis (4.22 ± 0.06). We must emphasize that, in their work, Lange and Heijnen (2001) kept the culture always below the critical dilution rate for S. cerevisiae, i.e. at an entirely (fully) oxidative metabolism.
Finally, Carnicer et al. (2009) performed an extensive analysis of the elemental biomass composition of Pichia pastoris under varying conditions of oxygen concentration in the inlet gas of carbon-limited chemostat cultures. They highlighted that availability of such data is scarce or even inexistent for a specific strain or species and growth condition, particularly in non-model organisms. When we compare their data, under normoxic conditions of oxygen supply (21% O 2 in the inlet gas at 1.5 vvm) at a dilution rate of 0.1 h -1 , with our results, P. pastoris elemental biomass composition presents a higher mass fraction of the elemental compounds C (43.0%) and N (6.9%) than the values observed in K. lactis in the present study (40.7% for C and 6.1% for N). Oleaginous yeasts, such as Rhodosporidium toruloides, display an even higher fraction of C (47.0%) in biomass under carbon limitation at similar dilution rates, and consequently a high degree of reduction of biomass (4.29), presumably due to lipid accumulation (Minkevich et al. 2010) . Recently, it has been reported that there was almost no difference in the elemental composition of R. toruloides biomass at varying dilution rates (Shen et al. 2017) .
In the experiments performed here, four steadystates were achieved, each one after 5 volume changes. This corresponds to roughly 28 generations from the beginning of the continuous phase until the final steady state. While it is not possible to completely exclude that evolution might have taken place at some stage during these cultivations, reported data indicate that macroscopic fluxes (such as biomass concentration, specific consumption rates of substrate and oxygen and specific carbon dioxide production) do not change during up to 90 generations in prolonged glucose-limited chemostat cultivations using S. cerevisiae ). These observations in macroscopic parameters were also corroborated by Jansen et al. (2005) , when S. cerevisiae was kept for 200 generations in long-term glucose-limited chemostat cultures. Moreover, measurements of intracellular metabolites and enzyme activities (that might reflect in cellular protein concentration) in such experiments demonstrated that major changes occur only after 40-50 generations have passed Mashego et al. 2005) . Therefore, from a macroscopic point of view, we may exclude any changes in the measured and calculated parameters in our 28-generations study, due to an eventual evolutionary process.
Since our aim was to determine the elemental composition of biomass and the major adaptation that occurs to yeast cells growing in prolonged chemostats is an improved affinity for the limiting substrate, which already before adaptation presents very low concentrations, we expect that an eventual adaptation will not affect the elemental biomass composition of the cells. Furthermore, transcriptome analysis (Ferea et al. 1999; Jansen et al. 2005) and changes in DNA copy number (Dunham et al. 2002) as well as point mutations (Gresham et al. 2008 ) have been used to study microbial evolution in chemostat cultures. But for that, yeast strains had to undergo more than 100-200 generations in glucose-limited chemostat cultures.
We believe that the data presented here will aid researchers in deepening their knowledge on the yeast K. lactis and on yeast in general, besides providing material for setting up metabolic models for this microorganism, which can have several purposes, e.g. in performing metabolic network analysis (Gombert and Nielsen 2000) .
